Recently the rat and mouse Growth Factor Independence (G®-1) genes have been cloned (Gilks et al., 1993; Zoring et al; 1996) . This gene allows cells in culture to overcome the depletion of growth factors in the culture medium and maintain their proliferative potential. As part of a cloning strategy to isolated genes from human chromosome 1p22 which are associated with a constitutional chromosome translocation from a patient with stage 4S neuroblastoma, we have identi®ed the human homologue of the G® gene and de®ned a 50 Kb map position within a well characterised YAC contig from the region. The full length cDNA sequence is 81% homologous with the rodent counterparts and, at the protein level, is even more highly conserved.
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The short arm of human chromosome 1 has attracted much attention recently as a result of the localisation of several genetic disease loci along its length. Our own interest in 1p lies in the identi®cation of a t(1;10)(p22;q12) constitutional translocation in a patient with stage 4S neuroblastoma (Mead and Cavell, 1995) . The position of the 1p22 translocation breakpoint has been determined molecularly using analysis of somatic cell hybrids containing the rearranged chromosome as a prelude to cloning the breakpoint junction fragments (Mead and Cowell, 1995) which we anticipate will interrupt genes important in tumor pathogenesis. In order to de®ne the exact position of the breakpoint we have now constructed a YAC contig spanning the interval of the chromosome de®ned by the closest¯anking markers and, using¯uorescent in situ hybridization (FISH), demonstrated that YAC 896B3 crosses the 1p22 breakpoint (Roberts et al., submitted). YAC fragmentation procedures have now yielded a 600 Kb sublcone which also crosses the breakpoint and contains the D1S3649 marker which is currently the closest anking marker distal to the translocation breakpoint. Restriction enzyme digestion and pulse ®eld gel electrophoresis was used to analyse the 896B3 YAC and a NotI site was shown to lie within the 600 Kb subclone and adjacent to D1S3649 (Figure 1 ). In order to characterize this region further we have subcloned the 600 Kb YAC into cosmids and isolated those containing the D1S3649 marker. All of these have been shown to contain the NotI site in this region and double digests of the cosmids have been used to show their relative orientation (Figure 2 ). Since NotI sites usually lie in CpG islands associated with the 5' ends of genes (Bickmore and Bird, 1992) we isolated a 9 Kb fragment from cosmid 97 which contained the NotI site and demonstrated the presence of restriction sites for other rare cutting enzymes (Figure 2) . In order to analyse the somatic cell hybrids containing the 1;10 translocation chromosome further, we generated new STS markers from the region by sequencing the ends of the cosmids shown in Figure 2 . Following comparison of these sequences with the databases using the BLASTA server from NCBI, we found that the sequence from the end of cosmid 97, adjacent to the NotI site, showed 90% homology to the zinc ®nger region of the rat and mouse G®-1 gene. At this time the human G®-1 gene has not been reported in the databases. From the zinc ®nger sequence we constructed oligonucleotides (5'GA-GGTGCACGTGCGCAGGTCC3' and 5'CTTAC-CTGCGAGTGCACGGC3') which ampli®ed a 120 bp fragment from genomic human DNA. These PCR primers were used to screen DNA preparations from aliquots from a number of dierent cDNA libraries; adult and fetal retina, Hela, hippocampus, colon, kidney, bone marrow and breast. A positive signal was only seen in the cDNA library derived from bone marrow. This strongly suggests a highly speci®c and limited pattern of tissue expression. In the expression studies in the mouse and rat, G®-1 was found at high levels only in the thymus. 10 5 clones from this library were screened using cosmid 97 after competition with Cot 1 DNA and two clones were identi®ed which were 1.8 and 2.8 Kb long respectively. Both of these clones were sequenced in both directions completely and shown to overlap. The 2.8 Kb clone contained sequences from the CpG island, a polyadenylation site and an open reading frame of 1266 base pairs coding for 422 amino acids (Figure 3) . Comparison of the full 2.8 Kb sequence with the databases reveals 81% overall homology with the rat G®-1 sequence. Thus we have identi®ed the human homologue of G®-1 which has been assigned the GDB accession number U67369. Although there are no matches in the databases at this time homology to one eSTS marker (bg T56859) shows complete homology over nucleotides 1158 ± 1442.
Despite the dierences in the DNA sequences between the human and rat genes, there were only one amino acid dierence in the zinc ®nger region and 64 amino acids overall, demonstrating the highly conserved nature of this gene (Figure 4) . The region of the protein between amino acids 158 and 209 contains 60% of alanine and glycine residues. This was also observed in the mouse and rat genes (Gilks et al., 1993; Zornig et al., 1996) . By comparison with the Drosophila Kruppel gene this motif strongly suggests that this part of the protein is associated with transcription repression (Licht et al., 1990) .
Because the rat and mouse G®-1 genes have only recently been cloned (Gilks et al., 1993; Zornig et al., 1996) the exact function of this gene has not yet been determined. Both of these reports demonstrated that G®-1 could be activated by proviral insertion into its promoter region which results in its expression at high levels. In the CTLL T-cell line this allows cell growth in the absence of growth factors such as interleukin-2 (IL2). In addition, overexpression allows IL2-dependent T-cell lymphoma cells to become independent of IL2. It has been suggested, therefore, that because G®-1 allows cells to gain proliferative potential it could be considered an oncogene (Zornig et al., 1996) .
Furthermore, these authors suggest that the increased proliferation potential results from a block of apoptosis.
The location of the G®-1 gene in 1p22 not only makes it a candidate for the oncogene associated with the neuroblastoma breakpoint we are studying but also for several other dierent chromosomal translocations. Carbone et al. (1988) , for example, described a patient with acute lymphoblastic leukemia and a del This YAC also contains D1S3649 which is known to lie above the 1p22 breakpoint and is on the same 150 Kb fragment which contains the NotI site. The location of D1S424 which is a reference marker on the chromosome 1 linkage map (Gyapay et al., 1994) is also indicated Figure 2 Analysis of the cosmid contig containing the G®-1 gene. In (a) the relative overlap of the cosmids containing the 9 Kb EcoRI fragment which de®nes the CpG island associated with G®-1 is shown. The relative positions of D1S3649 and D1S424 are also indicated. A partial restriction enzyme map of the CpG island is shown in (b) Figure 3 Complete nucleotide sequence of the human G®-1 gene. The regions coding for the zinc ®ngers are underlined Figure 4 Comparison of the amino acid sequence between rat an human G®-1. The full protein sequence for the human transcript is shown and the position and nature of changes in the rat sequence are shown below
Cloning human Gfi-1 T Roberts and JK Cowell (1p22) and Brodeur et al. (1983) described a patient with a t(1;12)(p22;p13) translocation and acute nonlymphocytic leukemia. This region of 1p also appears to show frequent loss of heterozygosity in salivary gland adenomas (Kools et al., 1995) . Other genetic diseases mapped to this region include Stargards disease (Kaplan et al., 1993) . We are currently investigating the involvement of the G®-1 gene with the t(1;10) rearrangement associated with stage 4S neuroblastoma.
